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Seed Vitality as a Factor tn Deter-
mining For est Types 
J. V. HOFMANN, M. F. PH. D. 
In Charge of Wind River Experiment Station, U. S. FoTest Service. 
How many people, including foresters, when expressing ad-
miration of a tree, ever think of the adverse conditions which 
that tree has had to overcome in order to attain its present grace-
ful or magnificent fonn? These adverse factors are met in arti-
ficial reforestation yet the forester is able to establish thrifty 
forests where nature has failed. This success is accomplished 
by the use of methods which nature cannot supply, such as 
planting a tree two or three years old, thereby eliminating all 
the factors which mean failure during the seedling stage. Thus 
it is within the realm of the forester to improve on nature's 
methods in tree production the same as this end has been ac-
complished in many other activities of man. Just as in the natural 
state, the eggs of the shad fish produce about 2 fish out of every 
possible million while man has insured a success of 70%, so is 
nature producing millions of tree seeds where a very small per 
cent or none produce trees. It is the endeavo~ of this article to 
give some of the reasons for nature's apparent wasteful methods 
and to show how these facts, when known, may be utilized by the 
forester. 
The limitations of forest types as the forest gradually or 
abruptly gives way to prairie, or the clearly drawn lines along 
ridges where one type occupies the north and east slopes and 
another the south and west, or the definitely drawn lines within 
the forest have been the subject of much discussion and conjecture. 
At the present time soil temperature and soil moisture are con-
ceded to be the controlling factors in these limitations of species. 
While these no doubt are very important and influential factors 
the seed and its characteristics, of the species concerned, must 
not be overlooked, because, after all, the controlling unit of any 
species is the ability of its seed to perpetuate the species. 
The presence of any species on an area is prima facie evidence 
of the 4 principal chapters in the establi'shment of a forest, viz: 
Seed production. 
Seed distribution. 
Seed germinability. 
Seedling establishment. 
Since these stages are distinct and consecutive they may best be 
considered consecutively. 
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SEED PRODUCTION. 
The production of seed in any type has not been found to be 
a limiting factor in determining type except in very special and 
extraordinary cases. Any forest type produces sufficient quantities 
of seed and at short enough intervals to insure a perpetuation 
of the type providing other factors are favorable. The variations 
of seed production may, however, have some bearing on limita-
tions of species. Some species, such as hemlock and cedar, 
produce almost annual crops of seed and thereby provide a con-
stant supply of seed and are ready to take advantage of all 
favorable seasons for establishment while species producing seed 
at more or less periodical intervals, as western white pine, Doug-
las fir, and others may miss favorable seasons of establishment 
through a lack of seed. 
SEED DISTRIBUTION. 
The distribution of forest tree seeds depends to a great extent 
on the local conditions, such as topography, wind, rodents, etc. ; 
and perhaps even to a greater degree on the nature of the seed 
itself. Heavy seeds as western yellow pine and western white pine 
are usually carried only a short distance by wind, seldom ex-
ceeding 5 to 6 chains, while lighter seeds as western red cedar 
and western hemlock may be carried farther. 
Where the forest type changes abruptly from a Douglas fir-
cedar-hemlock type on the north and east slopes to a yellow 
pine type on the south and west slopes, as occurs in Idaho and 
Oregon, the determining factor very clearly is not seed distribu-
tion. The location of seed-bearing trees of all these species 
would insure seed of all species being di stributed over large parts 
of the areas covered by very distinct types, yet some of the species 
do not appear at all in the stand although the presence of seed is 
assured. 
SEED GERMINABILITY. 
The foregoing discussion has shown that the presence of seed 
alone on an area does not insure the appearance of the species 
nor does this factor alone determine t)'iJe limitations, however, in 
this same connection the germinability of the seed is important. 
\Vhen white pine, Douglas fir, hemlock, yellow pine and cedar 
are in competition the seed of each species may be present at the 
same time, but the varying periods required for germination, 
under favorable conditions, give the advantage to the species 
which germinate quickly, such as hemlock and cedar and may 
result in the suppression of the dilatory Douglas fir and white 
pine. In some instances the disadvantages of delayed germina-
tion are offset hy the ability to ot'ercome competition by faster 
growth during establishment. This character has enabled the 
white pine and Douglas fir to be successful competitors of hem-
lock and cedar on sites fayorable to all of these species. The 
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short period required for germination of yellow pine when condi-
tions are favorable is its greatest asset in gaining possession of 
severe sites or maintaining itself on such sites. If in the spring 
there is a period of favorable moisture and temperature for 2 
or 3 weeks such species as are able to respond quickly to those 
conditions are the ones which have a fair chance for success, 
because such conditions may not be duplicated again throughout 
the season and the species which germinate slowly may be only 
beginning to respond when the favorable period closes. Hence 
the inherent germination characteristics of tree seeds have an 
important bearing on the limitations of the species. 
SEEDLING ESTABLISHMENT. 
Establishment involves the ability of the seedling concerned 
to take advantage of the favorable periods of soil moisture, soil 
temperature and light. First of all, as shown above, the seed 
must germinate quickly when the favorable conditions obtain in 
order to gain its greatest possible development before the ad-
verse conditions overtake it. A favorable period of 6 weeks 
may suffice to germinate and esta:blish a seedling when the seed 
germinates in 10 days or 2 weeks, but one which requires 4 to 
6 weeks to germinate will have developed just far enough to be 
the victim of the first unfavorable period of drought or tempera-
ture. The surface soil often dries out quickly on exposed sites 
and the seedling with only a short radicle is soon caught by such 
dry periods, while the seedling which produces a deep root early 
in its development can resist such short unfavora:ble periods. 
This is a fundamental principle which often determines the 
success or failure of a species. The size of the seed is the 
important factor because on the stored food in the endosperm 
depends the early rapid development of the plant. These points 
are graphically shown in plates 1-5. It is these facts which 
give the yellow pine the advantage over the hemlock and its 
associates on the severe sites in the forests of western Montana 
and Idaho. For the same reasons the Douglas fir is able to es-
tablish itself on the drier slopes of the Cascades, while the cedar 
and hemlock fail. A south slope covered with yellow pine or 
Douglas fir and a north slope covered with hemlock, white pine, 
cedar and other species does not necessarily mean that each of 
these species is in its optimum habitat, but.that these are instances 
of competition and establishment. The yellow pine would produce 
even a better forest on some of the slopes occupied by the other 
species if it could established itself there, but conditions un-
favorable to its establishment prohibit its presence. Its develop-
ment on such sites is shown by the magnificent single yellow 
pine trees found among the north and east slope types. On the 
other hand the hemlock and cedar do very well under the condi-
tions of the south slope wherever they can get conditions favorable 
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to their establishment. The reason these species are not mixed all 
_ through the forest is not due to the lack of seeding or even 
to the germination of the seed on the different slopes. This 
point is emphasized where these types meet on a ridge. The 
south slope is seeded with the seed of the species found on the 
north slope and the seeds of the hemlock, cedar and Douglas 
fir, as well as the yellow pine, germinate in the spring but the 
seedlings with only shallow roots cannot resist the period of 
summer drought and in the fall only yellow pine seedlings re-
main. These conditions are repeated year after year and still 
the type remains the same. It is very noticeable that wherever 
conditions favorable to establishment have obtained on the south 
slopes the north slope species are found, sometimes in very un-
expected localities. 
When the seedlings or trees of a species are found on any 
site it shows that that particular site is favorable to the species 
found there, but it does not prove that any other species would 
not establish itself there or develop on the site if given a chance. 
Sometimes it is merely a question of which species happens to 
get possession of the area after the forest was removed, or which 
species first had the opportunity of migrating there, while in 
other instances it is clearly a matter of competition or ability 
to withstand the conditions of the site involved. 
Species are, in g·eneral, rather impartial in regard to soil if 
\\·e except chemical and physical extremes (abundance of com-
mon salt, lime, or of water) and if they have no competitors. 
In the middle of its distributional area a species makes no selec-
tion as to soil, but outside this central position it is forced by 
other spe~ies to exercise a choice. Nearly all species are faculta-
tive and their occurrence depends upon competitors. If these 
be present the one drives back the other and the victorious species 
is the one which can best utilize the given combination of soil, 
light, moisture, temperature, etc., during its period of germina-
tion and establishment. 
Where forests of one species are sharply delimited from forests 
of other species it is not a question of inability to thrive at the 
boundaries but rather a question of what use the species can 
make of the favorable periods during establishment. In many 
instances a species will succeed and develop as well or better far 
beyond its natural range if assisted artificially during its seed-
ling period. While these facts have been recognized in re-
forestation the failure of nature to accomplish the results has 
been attributed to factors other than seed viability and vitality. 
The importance of physical factors must not be minimized in 
considering limitations of type but the most important factor 
in local limitations, the seed and its characteristics, has not been 
considered in the past. 
I 
P late 1. Three-fifths natural size. Western yellow pine (Pinus ponderosa) . 
A. Seed with wings. · 
B. Seedling before seed coat is dropped. 
C. Seedling with cotyledons-note l e n g th of r adicle. 
D. Seedling one year old-note w ell-developed _root system. 
Plate 2. Two-thirds n a tura l size. Western white pine (Pinus monticola) . 
A. Seed with wings. 
B. Seedling b efore seed coat is dropped. 
C. Seedling with cotyledons, long radicle. 
D. S eed ling one y ear old-well es t a blished. 
The disadvantages of white pine compared to yellow pine are its slow 
germination and d e velopment. 
P late 3. Two-thirds natural size. Douglas fir (Pseudotsuga taxifolia) . 
A. Seeds with win gs. 
B. Seedling b e fo re seed coat is droP'J)ed . 
C. Seedlings with co tyledons. 
D. Seedling one year old-deep r oo t ed. 
Th e Dou g las fir does not esta blish itse lf so early in its development 
as the white pine. 
Plate 4. Five-sixths natural size. \\'estern red cedaT (Thuja plicata). 
A. Seeds. 
B. Seedling with cotyledon. 
C. Seedling· one year old. 
D. Seedling three years old. 
Note small seeds and seedJi.ngs. This species requires three favor-
able seasons in ord e r to becom e established. 
Plate 5. Seven-ninths natural size. VI" es tern hemlock (Tsuga heterophylla) 
A. Seeds and wings. 
B. Seedlings before seed coats are dropped. 
C. Seedlings in cotyledon stage. 
D. Seedlings one year old. 
The size of the seeds and the small seedlings during the cotyledon 
stage and through the first season a ll show the favorable conditions the 
hemlock requires for establishment. 
